Hemorrhagic Fever with Renal Syndrome (HFRS) is considered as a globally distributed infectious disease, which results in many deaths annually in Hubei Province, China. The outbreak of HFRS is usually characterized with spatio-temporal heterogeneity and is seasonally distributed. Further, it might also be impacted by the influencing factors such as socio-economic and geographical environment. To better understand and predict the outbreak of HFRS in the Hubei Province, the spatio-temporal pattern and influencing factors were investigated in this study. Moran's I Index value was adopted in spatial global autocorrelation analysis to identify the overall spatio-temporal pattern of HFRS outbreak. Kulldorff scan statistical analysis was performed to further identify the changing trends of the clustering patterns of HFRS outbreak. Spearman's rank correlation analysis was used to explore the possible influencing factors on HFRS epidemics such as climate and geographic. The results demonstrated that HFRS outbreak in Hubei Province decreased from 2005 to 2012 in general while increasing slightly from 2012 to 2014. The spatial and temporal scan statistical analysis indicated that HFRS epidemic was temporally clustered in summer and autumn from 2005 to 2014 except 2008 and 2011. The seasonal epidemic pattern of HFRS in Hubei Province was characterized by a bimodal pattern (March to May and September to November) while peaks often occurring in the spring time. SEOV-type HFRS was presumed to influence more on the total number of HFRS incidence than HTNV-type HFRS do. The average humidity and human population density were the main influencing factors during these years. HFRS outbreaks were more in plains than in other areas of Hubei Province. We did not find that whether the terrain of the wetland (water system) plays a significant role in the outbreak of HFRS incidence. With a better understanding of rodent infection rate, socio-PLOS ONE |
Introduction
In China, HFRS was mainly caused by two types of Hantaviruses, named Hantaan virus (HTNV) and Seoul virus (SEOV), each associated with a unique rodent host [1] [2] [3] . In China, the first case of HFRS was discovered in 1935. After that, data showed that the number of HFRS cases in China accounts for 90% of the globally reported cases over the past 20 years [4] [5] [6] [7] .
Generally, human activities and natural factors were related to the occurrence and epidemic of hantaviruses [8] [9] [10] . In Europe, in order to discover the regular pattern and feature of HFRS, hank vole dynamics, soil contamination dynamics and human contamination dynamics were used to explain the spatial variation of HFRS outbreak [11] . In China, some researchers used cluster analysis to study the relationships between the spatial distribution and the influencing factors of the HFRS outbreaks to explore the degree of clustering. Poisson regression analysis was performed by Zhang et al. to identify the HFRS transmission pattern in north-eastern China from year 1997 to 2007 [12] . Climate factors (e.g. monthly rainfall, relative humidity, and land surface temperature) were found to be the determinants to HFRS transmission in this research. Moran's I spatial autocorrelation statistical and retrospective spatio-temporal clustering methods were used by Wu et al. to analyze the spatio-temporal distribution in Liaoning Province from 1988 to 2001. They demonstrated that the outbreak of HFRS had homogeneous spatio-temporal characteristics [5] . Lin et al performed Spatial smoothing and Martin Kulldorff's spatial scan test to study the spatial distribution and variation of the HFRS outbreak in Liaoning Province between 2000 and 2005 [4] . They found that the clusters of HFRS cases were consistently influencing by humidity and the amount of forestation. In another study, ARIMA model and historical time series data were utilized by Liu et al. to simulate the temporal distribution tendency of HFRS in China from 1975 to 2008. The results demonstrated that ARIMA model had a good feasibility to forecast the HFRS outbreak [13] .
Although a variety of methods have been implemented to reduce the occurrence of HFRS, the HFRS cases were still more than 20,000 annually in China from 1980 to 2009 according to the report [12] . In Hubei Province, the number of HFRS cases reached 23,943 cases in 1983 [12, 14, 15] , and get 104,467 cases in total between 1980 and 2009 [11, 16, 17] . The relationships between natural environment and number of HFRS outbreaks were explored in Russia and Korea in the 1990s [18] . Since 2000, for the outbreak of HFRS in northeast China, most researches began to focus on a short term (five years or four years) relationships between dynamic spatial distribution and possible influencing factors [12, 15] . In this study, we will explore a ten year appeared relationships between dynamic spatial distribution and possible influencing factors in Hubei Province.
Liu et al. found that temporal and geographic factors both played important roles on the outbreaks of HFRS in central-south China between 2000 and 2009 [19] . Zhang et al. studied the spatio-temporal distribution pattern of HFRS in Hubei Province over 1980-2009, they found that the number of HFRS cases was decreasing in general during this period [14] . Through the data from the experiment analysis in Hubei Province, this study will explore the distribution tendencies of clustering areas and the dominated influencing factors on a year-byyear base. The significant of this study is to characterize the overall spreading tendency and moving patterns of HFRS in recent years in Hubei Province. 
Methods
Spatial autocorrelation analysis. Spatial autocorrelation analysis is applied to describe the similarity of geographically proximate units. In this study, spatial autocorrelation analysis was used to clarify the overall autocorrelation pattern of HFRS incidence (clustered, dispersed, or random). Global Moran's I statistic, developed by Patrick Alfred Pierce Moran [20] , is one of the most commonly used methods in spatial autocorrelation analysis. It calculates the autocorrelation (I) as follows:
Where n is the total number of counties, x i is the number of cases for county i, X j is the number of cases for county j. z i and z j are the deviation values for county i and county j from their mean ðx i À " XÞ and ðx j À " XÞ respectively. ω i,j is the spatial weight which used to quantify the spatial relationships between county i and county j. Spatial weight is structured into a matrix, the distance between county i and county j is calculated with K nearest neighbours.
Moran's I index values for each year are calculated to measure spatial autocorrelation characteristics. Moran's I index value ranges from −1.0 to +1.0. A zero Moran's I Index value indicates a random spatial pattern [17] . Negative values indicate negative spatial autocorrelation while positive values indicate positive spatial autocorrelation.
Spatial autocorrelation analysis measures the globe spatial autocorrelation characteristics based on both county locations and number of HFRS cases simultaneously. It evaluates the spatial distribution pattern by a series number of county locations and the associated number values of HFRS cases.
Spatio-temporal scan statistical analysis. It is helpful to identify the moving tendencies of HFRS incidence in Hubei Province by investigating its spatial and temporal clustering areas. After the first step of spatial autocorrelation analysis, if HFRS occurred in a clustered way (which can be treated as an epidemic), the spatio-temporal scan statistical analysis could be used to identify the spatial and temporal characteristics of this epidemic [5,11,15,21,22]. Kulldorff scan statistic method was widely used to measure the degree of clustering [23] [24] [25] [26] . This method imposed a cylindrical window to detect spatio-temporal clusters by constantly changing the size of the window, it has a circular (or elliptic) geographic base and a height corresponding to the disease onset time [14,20,27,28].
Using this method, the radius of the cylindrical window varies continuously from zero to a specified maximum size. The maximum-size specified the percentage of the maximum total population at risk within the scanning window [29] . In this research, considering the human population density and the size of each county, the maximum cluster size was set to 50%. Discrete Poisson Model was used to identify the cluster locations of HFRS cases in a specific window. Moreover, SaTScan program was used to implement the scan statistical analysis [29] [30] [31] [32] .
Spearman's rank correlation analysis. Previous studies have showed that the transmission of HFRS in Hubei/China was influenced by environmental factors such as temperature, humidity and rainfall [10,26,33,34]. Climate variables have some relationships with dynamic rodent population, which can be used as possible influencing factors for the prediction of the HFRS epidemic [12] . In order to better understand influencing factors of the epidemic HFRS incidence, average temperature, average humidity, total rainfall and human population density were studied in this research. Spearman's rank correlation coefficients were used to measure the associated degree between variables [35,36].
Results

Features of HFRS outbreaks in Hubei Province
First, the ratio of HFRS cases in each month over the whole year, we define it as the HFRS outbreak value. Fig 2 demonstrates the HFRS outbreak rates for each month from 2005 to 2014 in Hubei Province. We observed the value of the rate fluctuated month by month, and had the maximum value of 0.6534 (June 2006) and the minimum value of 0.05 (September 2012). In general, the simulated trend line shows that the HFRS incidence rate had a decreasing tendency. It indicates that HFRS incidence decreased in general while increasing slightly from 2012 to 2014. 
Spatial distribution of HFRS cases
Clustering pattern of HFRS cases
The spatio-temporal scan statistical analysis showed that HFRS was not randomly distributed in space during these ten years, which achieved the same conclusion as our previous studies did [37] . In Table 2 Table 4 , it seems that the average humidity influencing factor shows positive associated with HFRS cases (Spearman Correlation = 0.041 at the 0.001 level). Taking Yicheng County as an example, the value of its humidity is much higher than the average humidity level in the second half year (Fig 6) . Combining the result of clusters in Fig 4 and the Most Likely Clusters in Table 3 , results show that high humidity associate with the HFRS outbreaks consistently in Yicheng County.
HFRS is an infectious disease. The related studies have indicated that the density of the virus carriers, human immunity and immigration played significant roles in the transmission of HFRS [10, 39] . In Table 4 , the correlation analysis result, which values are with Spearman Correlation = 0.397 and with p-value 0.001, means that the human population density factor is positive associate with the outbreak of HFRS epidemic in Hubei Province.
Discussion
In this study, the relationships between the HFRS cases, spatio-temporal distribution and clustering patterns have been studied. We also explored some influencing factors for the HFRS cases in Hubei Province.
Our previous study of the past three decades of HFRS fatalities data revealed a general trend of decreased in Hubei Province [40] . No further outbreaks of HFRS occurred since 2000 after the two peaks happened in the 1980s and the in the 1990s, respectively [37] . In this study, we found the HFRS case increased from 2012 to 2014 while the general trend showed the HFRS cases decreased from 2005 to 2012. This phenomenon could possibly be explained the following thirdly factors.
First, Hantaviruses were carried and transmitted by rodents [39] . Xiao et al. found that rodent population density and the types of the rodent species significantly impact on the occurrence of HFRS [41] . An experiment from State Key Laboratory of Virology, Institute of Medical Virology, School of Medicine in Wuhan University, China has shown that the mice positive rate dropped from 9.16% to 0.28% from 2005 to 2011. But in 2012 the rate suddenly rose to 19%. The more frequently the aerosolized urine, droppings or saliva of infected rodents people touched, the higher infection possibility people will have. In addition, individuals working with living rodents could get a higher probability of infection. The effect of a rapidly growing rodent population on the environmental load of hantaviruses has been studied by Sauvage et al. [42] Their results demonstrated that the increasing of the rodent population and the concomitant in the environmental contamination is linked to an increasing risk of human infection. In this study, we inferred that the increase of HFRS incidence in Hubei Province from 2012 might be caused by the suddenly increasing of infected rodent population. Secondly, human migration (from rural areas to cities) and urbanization have both reduced the risk of exposing to rodent excreta. As shown in Fig 7, the ratio of rural population over total population in Hubei Province is decreasing year-by-year. It may affect the incidence of HFRS as the decreased trend in the whole period.
Thirdly, Fig In the study, we also found that the clustering degree was increasing and gathering to the central area of Hubei Province. In addition, from geographic characteristics perspective, HFRS has not been endemic near abundant water resources until 2005. Combining with the topography, geomorphology and vegetation covered environments, this finding might explain by the following.
The previous studies have demonstrated that HFRS in Hubei Province was mainly affected by SEOV virus which was transmitted by Rattus norvegicus during 1980-2012 [37, 39] . Hubei Province is surrounded on three sides (east, west and north) by mountains. Its low and flat middle part is a piece of incomplete basin slightly open towards south. Counties located in the central part possess the subtropical humid monsoon and monsoon climate. This can provide a better living environment for the survival and reproduction of the rodents (like Rattus norvegicus), and the Rattus norvegicus could easily carry SEOV virus.
The industrial development often means high-speed economy development and the concentration of population. As listed in Table 3 Peng et al. found that HFRS cases were distributed along large water systems (wetland) between 1983 and 1995, such as Yangtze river and Huai river in Anhui Province [26] . The surrounding water system is helpful to the cultivation of crops. It will also create a better environment for rodents to survive and thrive. In Fig 9, the blue area represents water system that mainly distributes in the east part. In Fig 4, the cluster gathering area is in the western region As displayed in Fig 5, the number of HFRS cases shows that there are two peaks annually. One happens in spring time (March to May). It is corresponded to the epidemic peak of SEOV-type HFRS emerged in spring time. Another peak appears between September and November, the peak of HTNV-type HFRS was often emerged during these time period [39, 43] . This phenomenon indicates that the causes of HFRS in Hubei Province might be associated with both types of virus (HTNV and SEOV). Compared with the peaks happened in each year, and data revealed from Fig 5, we could infer that if peaks mostly emerged in spring time during a year, it could be presumed that SEOV-type HFRS have more influences vice versa. Pervious study has concluded that there are many environmental factors that impact the spatio-temporal dynamics of HFRS, such as the changes of precipitation, temperature, land use and vegetation community dynamics [44] . For example, temperatures may affect the dynamics and activities of rodent hosts as well as the infectivity of hantavirus [40] . In this research, it was demonstrated that the factors of human population density and average humidity are significantly related to HFRS epidemic in Hubei Province.
Li et al. found that the increase of human population density could make the transmission of the virus much easier [43] . As shown in Table 4 , human population density factor is positively associated with the outbreaks of HFRS. It can be inferred that the congregation of population may provide more opportunities for the transmission of HFRS virus.
Climate factors have been long considered as important impact factors for the spreading of HFRS [10, 12, 26] . In our research, average humidity was positively associated with the outbreak of HFRS. Other environmental factors (such as average temperature, total rainfall) did not display significant relations with the outbreak of HFRS. The result was different from the other researches. One possible explanation is that we used data from different regions. For example, Liu et al. believed that rainfall, land surface temperature and relative humidity were significantly associated with monthly HFRS cases in Elunchun and Molidawahaner counties (China) for 1997-2007 [12] . However, Hubei Province is categorized as subtropical humid climate. It means the average humidity in Hubei Province is higher than the north part of China. Hubei Province is known as the "land of a thousand lakes". The climate and ecological conditions in Hubei Province provide an ideal habitat for rodents [45] . Xiao et al. demonstrated that moist environments are help for the vitality and infectivity of Hantaan virus and the distribution of rodents [41] . The humidity factor may affect several biological traits of the rodent hosts, from individual life histories to population dynamics. Corresponded with the correlation results from this research, it could be inferred that humid climate may contribute to the survival and reproduction for the virus. And this may contribute to the outbreaks of HFRS.
Conclusions
The findings in our research presented some new features regarding the trend and influencing factors for the HFRS outbreaks in Hubei Province. First, SEOV and HTNV are both associated the HFRS outbreaks. HFRS seasonal distribution in Hubei Province was characterized by a bimodal pattern (March to May, September to November). This bimodal pattern was corresponding to the peaks of SEOV and HTNV virus respectively. Compared with the peaks happened in each year, we could infer that if peaks mostly emerged in spring time during a year, it could be presumed that SEOV-type HFRS have more influences vice versa. Secondly, the average humidity and human population density were associated with the HFRS epidemic. It can be inferred that the congregation of population may provide more opportunities for the transmission of HFRS virus. And humid climate may contribute to the survival and reproduction for the virus. Thirdly, HFRS outbreaks were more in plains than in other areas of Hubei Province. HFRS case clusters mostly gathered in the central and southern part, the central and southern regions are mainly plain areas or small hilly areas. We did not find that whether the terrain of the wetland (water system) plays a significant role in the outbreak of HFRS incidence. We believe these findings can better understand the spatio-temporal pattern and influencing factors, and can further help to improve the reducing cases of HFRS in the future. 
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